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I. Introduction

N precision simulations of lunar and interplanetary probe
trajectories, the equations of motion contain terms that
require a knowledge of the position of the moon at any time
during flight. Furthermore, for calculation of the probe’s
position and velocity relative to the moon, both the position
and velocity of the moon are required. Common practice
is to obtain the position of the moon from the Lunar Ephe-
meris! and subsequently develop the velocity by numerical
differentiation of the position.

A difficulty arises in that the lunar coordinates given in
the Ephemeris use the earth radius as a unit of length,
whereas, for practical reasons, a laboratory unit of length
such as the kilometer is employed as the basic unit of measure
in trajectory calculations. The problem is then one of de-
termining a conversion (or scale) factor to convert the lunar
coordinates from earth radii to kilometers.

At first impulse, one would choose the best available value
of the earth equatorial radius, as expressed in kilometers,
and use this as the conversion factor. However, to do so
would be incorrect. Rather, the conversion factor must be
computed from a relationship that is a function of the moon’s
mean motion and the gravitational constants of the earth
and moon.

It is the purpose of this paper to develop this relationship
and give a value for the earth radius/kilometer conversion
factor for the Lunar Ephemeris.

II. Analysis

De Sitter? defines the sine of the mean equatorial lunar
parallax as

sinw ¢ = b/a 1)

where b is the equatorial radius of the earth and @ is the ‘“‘con-
stant of the moon’s variation orbit” defined in Brown’s
theory. 4 The constant « is defined by the relation

n*a® = GMz + GMx (2)

where @ is the universal gravitational constant, Mz and My
are the masses of the earth and moon, and » is the moon’s
mean sidereal motion, which is taken as a fundamental in
variant, the value of which, as used by Brown, is n =
0.2661699563 X 10~° rad/sec. Brown also gives a relation
between a and «; it is

a/a = 0.999093141975298 3)

Thus, it is seen that, if GMg + GMy and sinm ¢ are known,
then b can be calculated. Brown gives
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sinw ¢ = 3422754 = 001659294212
Thus,
b/a = 0.01659204212

or

a = 60.2665876b 4)

which establishes the relation between the mean lunar dis-
tance and earth radius as Brown sces it. From Eq. (3),

a = 1.000907681a (5)
Then
a = 60.32129044b (6)
After substituting (6) into (2), we obtain
b = 0.0165778946 (GMz + GM ) /n?]'/? )
or finally
b = 86.315745(GMr + GM )3 8

III. Conclusion

The formula, Eq. (8), is the relation mentioned earlier for
computing the earth radius/kilometer conversion factor b,
when GM g and GM y are given in kilometers cubed per seconds
squared. This relation is analogous to Kepler’s third law
and must be maintained. If some other value of b is used,
the well-determined mean motion of the moon is not pre-
served.

To calculate a value of b from Eq. (8), let GM g = 398603.2
km3/sec?® and note that K yz, ‘“the coefficient of the indirect
acceleration of the moon on the earth,” has been well deter-
mined from the orbit of Mariner II,% where

Kus = GMy/b? = 1.205116 £ 0.000049 X 10—* (9)

A cubic equation in GM x can be formed by using Eq. (8)
and (9) to eliminate b and yield

GMy = 4902.78 == 0.20 km?3/sec?
and thus give an earth-moon mass ratio of
u = 81.3015 =+ 0.0033
Subsequently, from Eq. (9),
b = (GMu/Kuzr)'? (10)

or, finally, the numerical value of the earth radius/kilometer
conversion factor is

b = 6378.3255 km

Upon substituting this into Eq. (4), we obtain the mean dis-
tance of the moon

a = 384399.9 km

which compares favorably with Fischer’s? value of 384,400 km
and the radar-determined value of 384,400.2 km.?

To conclude, it is important to realize that the value of
earth radius b is not the same as the actual radius of the carth;
it is merely the conversion factor and is used only for sealing
the Lunar Ephemeris from earth radii to kilometers. The
value of the actual radius of the earth Rg is taken to be Rz =
6378.165 km.®
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